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Abstract

This paper uses a unique data set provided by the Census Bureau to empiricaly examine technologica
change and economies of scae in the chicken and turkey daughter industries. Results reved substantial
scale economies that show no evidence of diminishing with plant Sze and that are much greater than those
reelized in cattle and hog daughter. Additiondly, it isshown that controlling for plant product mix iscritica
to cogt estimation and anima inputs are much more eadtic to prices than in ether cattle or hogs. Results
suggest that consolidation is likely to continue, particularly if demand growth diminishes.

JEL Number: L11-- Porduction, Pricing, and Market Structure; Size and Size Didribution of Firms.
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Introduction

Over the past 30 years chicken and turkey consumption has risen dramatically and has been
matched by an equally impressive shift in indusiry structure. Almost no daughter plantsin 1963 had more
than 400 employees and the dominant product was generic whole birds. By contrast, most poultry
daughter plants today have more than 400 employees and their product mix condsts of cut-up and
deboned poultry, traypacks, and further processed products. This paper examinestheforcesdriving plants
into larger and larger production units and illugtrates the importance of controlling for product mix in cost
functionestimation. Results suggest that technologicad scae economies account for the growth in plant Size,
and that eventhelargest plantshave room to grow and redize till greeter increasing returns. Thesefindings
contrast sharply with findings for cattle and hog daughter (MacDondd, et d., 2000) that show that the
largest cattle and hog daughter plants are near the limits of increasing returns to scale and that some
raively smdl cattle and hog daughter plants remain competitive.

Use of Census Bureau plant-level datafrom 1972-92 for chicken and 1967-92 for turkey daughter
was of critica importance to accurate cost function analyses. These data permitted us to examine
technologicd change in the context of dramatic shiftsin plant size and product mix -- both of which are

critica to accurate poultry plant cost function anayss.

Structural Change

Major structurd changes occurred inthe poultry daughter industries over the 1967-92 period (table
1). Mogt importantly, production by large chicken and turkey daughter plants as shares of totd output

increased from less than 30 to over 80 percent. This shift to larger plant Szes trandated into impressive



but less dramatic shiftsinindustry concentration -- lessthan 50 percent in both industries -- that may have
been higher if it weren't for atripling of per capita poultry consumption and thejump in chicken and turkey
exports of 4,000 and 900 percents.

Major changes aso occurred in daughter plant product mix. Whereas plants mainly produced
generic wholebirdsin the 1960s, by 1992 they were producing ahost of processed and further processed,
branded and nonbranded products, ranging from poultry luncheon meets to cut-up and deboned poultry.
Most production of raw processed products takes place in daughter plants, which add cut-up and
processing linesto the end of existing daughter lines. By 1992 over 70 percent of chicken and 50 percent
of turkey production consisted of deboned and cut-up poultry for use in consumer- ready traypacks,
restaurant products, and further processed poultry (table 2). Some daughter plants, particularly turkey
ones, produced luncheon mesats and other cooked or otherwise further processed poultry, but much of it

occurred in independent plants.

A Modd of Chicken and Turkey Saughter Plant Costs

Bugos, et d. (1992) assert that chicken daughter plants had adopted the integrator organizationd
gtructure by the end of the 1960s. In this structure, the integrator owns the daughter plant, feed mill,
perhaps afurther processing plant, and has a number of growers under contract. The integrator provides
the grower with chicks or poults, feed, veterinary services, and other inputs, and the grower contributes
housing and thelabor servicesfor raisng chicksor poultsto daughter-reedy birds. Theintegrator converts
the ready-to-daughter live birdsinto various raw and semi-processed ready-to-cook poultry productsthat

are sold to retailers, wholesders, or buyersin export markets or shipped to further processing plants for



conversion into luncheon meats and other processed products.

Effort to reduce processing costs associated with converting live chickens into fina consumer
products hasledto mgor changesin the size and scope of plant operations. Whereastheincreasein plant
throughput may have yielded scae economies, the shift in product mix from whole birdsto traypacks, cut-
up and deboned ready-to-cook chicken, and further processed products increased labor costs because
many more laborers were required. Other technologica changes adso occurred. Poultry plants in the
1960s often daughtered other poultry species, but, by 1992, dmost none did; thus, avoiding costly
changeovers. Additiondly, turkey plants were able to change from seasond to year-round turkey
production schedules. These changes in plant technology lead us to modd production costs within the

following generd framework,
) C=f(QPR,Z9

where C is total costs, Q is output, P is factor prices, Z represents firm effects, and 0 is technology.
Ignoring technology for now, we specify atrandog cost function with output, factor prices, and firm effects

as arguments and al continuous variables (C, Q, and the P) transformed to naturd logarithms:
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Technologica changeis often represented in the trandog by gppending technology (0 as

apecific right hand Sde argument:

3) 6" &th § 4yInP,(t % AInQ(t

wheretisasmpletimetrend; 4, captures neutra technological changeandisinterpreted asthe annual rete
of change of cogts, holding output and prices constant. Biased technica changeis captured by &,; (factor
biased) and &, (scale biased) termst

Equation (3) imposesthe view that technologica change causesadrop ininput usage (dternaively,
total costs), given factor prices and levels of output (Stevenson, 1980). Technologicd change should not
increase costs because that would suggest technicd regress or, more likely, specification error (if
technologica change flows from new knowledge, technica regress shouldn't occur because it implies
knowledge destruction).

Chicken plantsintroduced severd typesof technologica changesthat moreintensively used existing
inputs and facilities. Fird, they increased plant throughput and reduced labor costs with greater capacity
chill baths and automated dressing and deboning equipment.  Second, they developed larger and more
uniformsize birds, permitting increased line peeds and more meat per bird with little or no changein labor
and capitd inputs. Third, plants became highly specidized by live bird species, leading to the near
disappearance of daughter plants that butcher multiple bird species and use unprocessed poultry mesat

rather than live birdsasinputs. Fourth, changesin production scheduling enabled plantsto avoid the costly

! The specification outlined aboveislinear. More flexible specifications have quadratic terms
and splines, dlowing the annua rate of productivity growth to vary over time.
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start-ups and shutdowns associated with seasonal poultry demand, such as the end-of the-year holiday
season for turkey daughter..

But the mogt driking set of innovations are those that provided consumers with higher vaue
products. This change caused a shift in the compostion of product mix away from whole birds to raw
deboned and cut-up poultry. Table 2 showsthe trends. estimated whole bird output in chicken daughter
plants had falen to 21% of the total by 1992, down from 72% twenty years earlier, while turkeys sold
whole fdl to 45% from 85%. The cut-up and deboned poultry was sometimes used within the plant in
branded or private labd traypacks, but most went for export, further processing, either within the plant or
outsde of it, or to retailers and wholesders who packaged it into private label products. The array of the
further processed products derived from the deboned poultry and cut-up poultry isenormous. ranging from
patties, nuggets, and ground products to whole cooked birds, frankfurters, and luncheon meats. Product
innovations require morein-plant processing and hence morelabor, capitd, and materids (primarily energy
and packaging). Consequently, poultry product innovationswill be cost raising, factor-biased (the bird meat
share of total costswill fall), and scale biased because larger daughter plants do more processing (Ollinger
et a, 2000).2

The presence of both cost-reducing and cost-raising technologica changerequiresacost function
that accounts for both changes. Improvements in production processes and bird characteristics are

assumed to follow a spline function in which various periods are consdered independently. We choose

2 Product innovations interact with process innovations. Greater demand for white mesat spurred
the development of larger birds with relatively more white meat. Food service demands for processed
products led to a grester emphasis on uniformity. Greater Sze and uniformity in turn alowed for
adoption of new equipment that lowered processing costs.
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the more flexible spline function rather than atime trend because it isolates every period and permitsusto
disginguish cost-raising technologica change, as reflected in product class data, from cost-reducing
technologica change.

Equation 4 represents technologica change with a spline function:
aQ (Irtj %j -E élikeri(Tk
|
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where T, denotes different Census periods, t; represents specific types of technologica change, including
plant specidization by live bird species, scheduling changes, and product innovations. Product innovations

are cost rasing, while the others are cost lowering.

Estimation | ssues

Following standard practice, we impose symmetry and homogeneity of degree one on the cost

- A

function, such that &;=8; ;4 = aw 8y = agdi= & for al 1 , j, and k and ~&=0,
"&;="ay="8y="4az = 0. Sinceadl variables are divided by their mean values, the first order factor
price terms (&) can be interpreted as cost shares at mean values. The other coefficients capture changes
in factor prices, output, plant characterigtics, and technology with deviations from sample mean values.

Efficdency gains are achieved by estimating the factor demand (cost share) equations (5) jointly

with the cost functionwith a Seemingly Unrelated Regression econometric model. The capitd cost share



equation was dropped because the cost share equations sum to one.
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The derivative of the cost function yieldsthe cost elasticity (equation 6). A valueof & of lessthan
1 gives evidence of economies of scade and vaues in excess of 1 show diseconomies of scale. The
coefficient for thefirst order output term, &, , givesthe cost dadticity at the sample mean, and the coefficient
on the second order output term, &, indicates how scale economies vary with plant sze. Other

coefficients show how scale economies changewith changesin factor prices, firm effects, and technologies.
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Cogt-increasing technologica change resulted from the introduction of products processed beyond
whole birds, including chicken traypacks, semi-processed products and many others. Censusdatacontain
severd categories of these products, including whole birds and cut-up products in wet and dry ice bulk
containers, turkey parts (only for 1987 and 1992), chicken traypacks (1972-92), poultry frankfurtersand
other further processed products, nonclassified items, and other broilersand old hens, roastersand capons.

Differencesin product mix could be accommodated econometricaly by extending the cost function
to the multi-product framework (Baumol, Panzar, and Willig, 1982). However, Snce many poultry
daughter plants produce zero amounts of someinputs, thismodd fallsinthetrandog form. Thus, wefollow
an approach commonly used in trucking and trangportation cost function andyses, such asAllen and Lieu

(1995), in which product mix variables are introduced into a single-product trandog framework. Cost



eladticitieswith respect to product mix indicate how changesin mix affect cosgts. Additiondly, coefficients

on the interaction of product mix with Sze provide evidence of economies of scope.

O
>
)

We use the data records of individua establishments reported in the Census of Manufactures
Longitudina Research Database (LRD) for each of the quintenid censusesfrom 1972-92 for chicken and
1967-92 for turkey (data from the 1997 Census will be processed for the LRD too late for this report).
The LRD coversdl plants with more than 20 employees. Data include the 694 chicken daughter plants
and the 314 turkey daughter plants that daughter chickens or turkeys, report product mix data, and have
more than 50 percent of their total vaue of shipments from chicken or turkey daughter products.

Census data prior to 1967 were excluded because state-inspected poultry plants (there are both
state and federdly inspected plants) were not required to meet the more rigorous Federa food-safety
standards until 1967. Data from the 1967 Census were aso excluded from chicken daughter cost
estimates because chicken traypack data were not collected until 1972.

LRD data provide detailed information on the physical quantities and dollar sdes of many different
products, physica quantities and prices pad for materids, and employment and wages for each
edtablishment. The file dso notes ownership and location information. Because the LRD contains dataon
individud plants over severd Censuses, researchers can make comparisonsfor different plants during the
same year, and can a so trace changesin product and input mixes, costs, average prices, and concentration

over time.



Variable Specifications

Factor price definitions and variable names are: totd plant labor costs divided by totd employees
for labor costs (PLAB); cost of live poultry and unprocessed poultry meet divided by poundsof live poultry
and unprocessed poultry meat for meat input costs (PMEAT); and, costs of energy, packing and
packaging, and other materid divided by pounds of live poultry and unprocessed poultry mesat for other
materid cogts (PMAT). The price of capitd is an opportunity costs measure of the cost of cepitd.
Following Allen and Lieu (1995), it is defined as (PCAP) = (OPPORTUNITY + NEW)/CAPACITY,
where OPPORTUNITY = (machinery rentd price) * (machinery book vaue) + (building rentd price) *
(building book vaue); NEW isthe cost of new machinery and buildings, and, CAPACITY isbuildingsand
meachinery book vaue minus al retirements. Machinery or building rental prices (Bureau of Labor
Statigtics) are costs per dollar of machinery or buildings expenditure.

Most poultry firmsin 1972 operated one plant but by 1992 mogt firms owned multiple plants.
Although there could be other reasons, firms may be able to reduce costs by producing more specidized
productsin different plants. These possiblefirm effectsare captured with afirm effectsvariable (SINGLE),
defined asonefor sngle plant firms and zero for multi-establishment firms.

Cost reducing technologicd change included improvements to production processes, refinements
to exigting inputs, plant pecidization by bird species, and more baanced production scheduling. Bird
species specidization (BIRD) is defined as one minusthe percentage of inputs coming from live secondary
birds and unprocessed poultry meat. For chickens, the resdua is the percentage of live chickensin
poultry inputs and for turkeys the resdud is percentage of live turkeys in poultry inputs. More baanced

production scheduling should be reflected in changing levels of production worker employment over the



course of the year; thus, SEASON is defined asfirst quarter plant employment divided by fourth quarter
plant employment. Cost-reducing technologica change dueto improvementsin production processes and
refinements to exigting inputs are captured with time shift variables, (TIME), defined one for Census year
| and zero otherwise.

We use two measures of product mix, BULK and WHOLE. The LRD files define output by
Census product category, including chicken traypacks and chicken further processed products, such as
sausages and luncheon meats, and turkey further processed products. BULK coversthose products that
do not fal into those categories, i.e. share of industry shipments accounted for by wholebirds, poultry parts
and deboned poultry packed in bulk containers, and other products, and was always definable. Increases
inBULK imply less processing, and, thus, lower cogts. But for any given vaue of BULK, plant costs can
vary because parts and deboned product in bulk containers requires more processing than whole birdsin
bulk containers. In order to capture this effect, we use WHOLE, defined as the share of whole birdsin
industry output. Increases in WHOLE should be associated with reductions in processing costs.

Fant levd data exigts for BULK, but, snce LRD data do no distinguish the types of products
packed in bulk containers, only industry-level data from USDA are available for WHOLE. Because
WHOLE only varies over time and product innovations impart a strong time trend, it cannot be included
inamode with time shifters (collinearity collgpsesthemodel)2 Thus, in our empirica andyses, we estimate

modds with time shifters but not WHOL E, and other moddswith WHOL E but not time shifters. We prefer

3 The nature of the industry’ s product innovations mean that BULK increases steadily through
time, but because BULK shows considerable variation across plantsin any year, it does not generate
callinearity problems with time shifters.
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the modelswith WHOLE (an explicit representation of product innovation), for reasons described below.

Chicken

Estimation and M odel Selection

A Gdlant-Jorgenson likelihood ratio test was used to determine the model best ableto explain plant
production cods. In this test, we examine atest hypothess relative to a maintained hypothes's, rgjecting
the maintained hypothesisin favor of thetest modd if the chi-square satistic exceedsacriticd level. Table
3 summarizesthe test modd s, maintained hypotheses, chi-square satigtics, and the differenceinthe degrees
of freedom between the two models (the number of redtrictions) for severad modd variations for both
chicken and turkey. There was insufficient modd variance to estimate the modd containing both time
shifters and whole bird output because both variables are congant across dl plantsin a given year. We
a0 examined homotheticity of the best performing modd in order to assess how technology changes as
plant Sze grows.

In the first modd comparison, the most generd modd containing only price and output (PQ) is
rgjected in favor of amore restrictive PQBB mode that adds the 13 variables associated with BULK and
BIRD to the PQ modd. A subsequent tests rgects the PQBB modd in favor of the PQBBW modd,
whichadds the 5 redtrictions ssemming from WHOLE to PQBB. This PQBBW modd then becomesthe

maintained hypothesis and is compared againgt two model variaions that add ether sngle establishment
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firms (SINGLE) or seasondity (SEASON) to the POBBW model. Neither of these additiond variables
improve modd fit.

G-Jtedsts done may lead one to rgect the PQBBW mode in favor of PQBB and TIME modd.
However, wergect the PQBB and TIME modd because cost estimates obtained fromit suggest that plant
production costs rise over time. We attribute this finding of regressive technological change to a
misspecification error due to failure to account for the increase in labor, materids, and capitd necessary
to produce the higher vaue cut-up chicken that came to dominate output mix by 1992.

Inthefind test, we examine homotheticity of the PQBBW mode by excluding al interaction terms
between factor prices and output. We cannot regject the hypothesis that the PQBBW modd is not
homothetic, suggesting that the more general nonhomothetic model better explains modd fit. Thus, we
conclude that the best fitting model is nonhomothetic and nonhomogeneous and accounts for bird input
specidization, bulk output share, and the whole bird output share.  Appendix table A-1 contains the
coefficients and standard errors for the first order and factor priceinteraction termsand table A-2 hasthe

coefficients and standard errors for the remaining parametersin the mode!.

Factor Prices

The first order coefficients can be interpreted as cost shares at sample means. Factor shares at
1992 mean vaues (table 4) suggest that live chickens (PMEAT) account for about 73% of total costs,
while labor (PLAB) and other materids (PMAT--primarily packaging) comprise 15 and 11 percent and

the capitd shareisabout 3 percent. Coefficients of the interactions of price of labor show that labor costs
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drop as bulk output share and output rise.*

The cooperating inputs of labor, capital, and other materias drive economies of scae, but make
up only 27% of total cogts. Thisreatively small share of costs for non-chicken factors of production and
the large share of factor costs for live chickens means that technologica scale economies have a limited
effect onretall prices. But, Snce labor and other materids dominate capitd share, smdl changesin elther
labor or capital costs have large impacts on returnsto invested capitd.

Price dadticities of factor demand (table 4) indicate downward doping demand curves for labor,
live chickens, materias, and capitd and that demand for live chickensisthe most indlastic and demand for
capitd theleast indadtic. Allen dadticities suggest that dl factor combinations, except for other materias
and capitd, are substitutes and that capital and labor and capita and live chickens offer the greatest

subdtitution possibilities.

Economies of Scale

The top third of table 5 has cost elagticities, average cost indexes, and process cost shares
(contributions of |abor, other materidsand capita to total costs) for various size plantswith bulk share and
whole bird share at sample mean values. Only thefirst and second order output terms and the interaction
of output and whole bird share substantialy affect cost eagticity estimates (equation 2). The first order

coefficient for Q (.901 in table A-1) isthe cost eadticity at the sample mean. The 20 percent cost index

“The skewed distribution of factor shares gives rise to violations of monotonicity. Predicted
factor shares are negative for capita in 11 percent, other materidsin 5 percent, and labor in 0.1
percent of observations. There were no violations of the live chicken share. Most violations occurred
in amdler plants during the earlier years of the study.
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differentid between the amdlest and largest plants (one hdf and four timesthe sample mean Sze) illugtrates
avery sharp drop in costsfor larger plantsrelativeto their asmdler rivas. This cost differentid is consistent
with the near-disappearance of small plants; likely contributed to the more than 300 percent increase in
mean plant size; and, reduced the processing share of costs by over 2 percent over the 1972-92 period.

The 300 percent increase in average plant size over the 1972-92 period accompanied by
goproximately a 15 percent reduction in costs suggest substantial cost reductions with plant size.
Moreover, these cost benefits show no Sgn of diminishing. The cost dadticity of thelargest plantsare well
below one and below those of the second largest plants, suggesting very strong cost pressuresto increase
plant Sze. However, there are anumber of unaccounted for factors, outside of the cost function, that may
condrain plant Sze®

Large plants must buy millions of live chickens from contract growers that must locate within 20
miles of the plant in order to avoid bird losses due to transportation stress during shipment to the plant and
to be closeto the plant-owned feed mill and hatcheriesthat supply feed and chicks. Growersmust beable
to dispose of large volumes of manure; avoid disease transmittal from adjacent chicken growing facilities,
and, withstand the adverse effects of high temperature or other weather-related effects on birds.

Manure disposal gppearsto be particularly problematicd in the Eastern Shore counties of Maryland
and Delaware (Delmarva Peninsuld).  Chicken manure has recently been implicated in recent pfisteria

outbreaks in the Chesgpeake Bay and encouraged even more stringent regulation of chicken growersthan

®> Bill Roenigk of the Nationa Chicken Council (interview on 3/25/99) indicates that alack of
growers and, more importantly, environmenta concerns have limited chicken production growth in the
Demarva Peninsula
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that which existed previoudy. Theseredtrictionshavelikdy contributed to discouraging chicken plantsfrom
locating in this region. Broilers sold from Delmarva Peninsula farms dropped from 368 million to 364
million over the 1987-97 period, even though the number of broilers sold annualy in United States
increased from 4.28 hillion birds to 6.71 billion birds over the same period.

Product demand may aso limit plant Sze. If high speed chicken daughter operations do not have
uniform size chickens, they incur sharply higher production costs. However, the differentiated product
market served by chicken daughter plants requires chickens of different szes small chickensfor chicken
parts, medium-sze birdsfor chicken traypacks, and large birdsfor deboned products.  Thisfragmentation
of production by product category meansthat the marketing areaof any given plant isgreater and thet find
product trangportation costs are higher than those that would occur if al birds were of uniform size.
Moreover, for branded products and more specidized products, the product market may not even be of

sufficient Sze to require the production capabilities of avery large plant.

Product Mix and Other Variables

Modern chickendaughter plants produce awide variety of products ranging from whole chickens
packed in bulk containers to traypacks, frankfurters, and luncheon meats. Whole birds packed in bulk
containers undergo the least processing, while further processed products and traypacks have the most
processing and much higher productioncosts. Thus, costs should drop asthe bulk and whole bird shares
rise.

The cogt dadticity, cost index, and process costs changes aseither bulk share of wholebird share

rises (middle and bottom panels of table 5) illustrate processing costs and underscore the importance of
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controlling for product mix effects. Evaluating al other varigbles a sample mean vaues, the cost index
drops 13 percent asthe bulk share risesfrom 20 to 100 percent of the sample mean bulk share. Similarly,
the cost index drops 13 percent as the whole bird share risesfrom 20 to 150 percent of the sample mean.

There do not appear to be economies of scope in ether traypack or parts and deboned chicken
production (theinverse of WHOLE). If therewere, then the interactions of the bulk and whole bird shares
with output would both be postive and sgnificant rather than postive and indgnificant and negative and
indggnificant (table A-1).

The coefficients involving chicken specidization suggest that use of a higher share of chickens
(versus the dternative of unprocessed chicken mest or turkeys) leadsto ahigher labor and live chicken and
lower capita cost shares. Other plant characteristics were dso examined but did not improve modd fit.

Researchers often use time shifters to control for disembodied technologica change. However,
induding time shifter variablesin the samemode with wholebird share was not possible becausetherewas
insuffident model variance. Modelsincluding prices, output, bulk share, bird, and whole bird share but not
time shifters (PQBBW-table 3) and prices, output , bulk share, bird, and time shifters but not whole bird
share (PQBBT-table3) were estimated. The PQBBW model provides reasonable results. But, failureto
account for labor intensive cut-up operations strongly biases costs upward and leads to serious
misspecification error for the PQBBT modd. Cogt estimates across time at sample mean values for
POBBT suggest that production costs were higher in 1992 than in dl of the other years except 1972 --
for 1977-87 cost indexes are 0.916, 0.894, and 0.928. Since these resultsimply regressive technologica
change, i.e. lost knowledge, we regject the PQBBT moddl.

Exduding time shift variables does not imply that we do not account for technologica change.
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Rather, technologicad change in chicken daughter conssted of changes in product mix, live chicken and
materia usage, and plant size. We account for product mix technologica changewith the bulk andwhole
bird shares, factor-related changes through factor prices of meat and labor; and, size rdated technology

with plant output.

Turkey

Model Selection and Factor Price Effects

Processing methods and the resulting cost functionfor turkeysisvery smilar to chicken daughter.
A Gdlant-Jorgenson likelihood ratio test was used to assess modd fit. Table 3 summarizes the test
hypotheses, maintained hypotheses, and test statistics for severa modd variations. It is not possible to
esimateamode containing both time shifters and whole bird output becauise of insufficient mode variance;
thus, amode containing whole birds but not time is compared to amode with time but not whole birds.
Findly, homotheticity of the best performing model is examined to see whether technology changes with
plant sze.

Inthe model comparisons, the most generd mode containing only price and output (PQ) isre ected
infavor of amorerestrictive PQBS model that addsthe 13 variables associated with BULK and SEASON
to the PQ modd. The POBS modd is rgected in favor of the PQBSW, which adds the 5 redtrictions

gemming from WHOLE to PQBB. Additiond variables -- sngle establishment (SINGLE) and bird
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gpecies specidization (BIRD) -- arergjected in favor of retaining the POBSW model. Other tests show
that neither BULK nor SEASON can be rgjected. Seasondlity did not meet the accept/rgect threshold
of a99 percent level of confidence, but it does meet the less redtrictive criterion of a 95 percent level. It
isretained to illustrate that more baanced production schedules did affect plant costs, dthough only ina
and| way.

Induding time shifters (TIME) in the model proves to be problematic. G-J tests suggest that
PQBST provides a better mode fit thanthe PQBSW model. However, wergect PQBST because cost
estimates obtained from it suggest regressive technologica change, i.e. plant production costs rise over
time. Costs appear to rise because the PQBST moded does not account for the increased processing
required for producing cut-up and deboned products rather than whole birds (table 2). Since this
regressve technologica changeis not rational, we rgect the PQBST modd. The final modd test shows
that the PQBSW mode is not homothetic. Thus, the best fitting turkey modd is nonhomothetic and
nonhomogeneous and accountsfor bulk output share, seasondity, and whole bird output share.  Appendix
table A-3 contains the coefficients and standard errorsfor the first order and factor priceinteraction terms
and table A-4 has the coefficients and standard errors for the remaining parameters in the model.

Edtimated 1992 cost shares for turkey daughter (table 4) show that live turkey dominates other
factor shares, but is lower share than chickens and, aso, cattle and hogs (MacDonad et a., 2000).

Additiondly, other materials expenses are much higher for turkey than either cattle, hogs, or chickens. We

¢ Monotonicity violations occurred mainly in smaller plantsin the earlier part of the study. The
arise from the skewed distribution of capital cost shares (6 percent of observations) and other materias
(7 percent of observations), but not in [abor and live turkeys.
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attribute this greater share of other materias costs to the higher degree of further processing in turkey
daughter plants than in red mesat plants. The much higher live turkey share of costs than other costs shares
means that substantial scae economies in daughter and fabricationtrandate into small scale economiesin
terms of tota costs, but, if not passed through as product price changes, can lead to large changesin returns
on invested capitdl.

Own factor price dadticities of demand and Allen dadticities of subgtitution for 1992 (table 4) are
gmilar yet different than those found in chicken. All factors have downward doping demand curves, but
both live turkeys and capitdl are much more indadtic than chickens. Allen dadticities differ from chickens
only in that capitd and labor are stronger substitutes and capital weskly complements live turkeys rather

than being a subgtitute.

Economies of Scale

Table 6 presents cost e adticities, cost indexes, and process cost sharesfor output, bulk share, and
whole bird share for turkeys. The top panel showsthat the elasticity of tota costs with respect to output
a the sample mean (column 2) is0.919. Mogt importantly, notice that, as plant size varies from one haf
the sample mean plant Sze to four times the sample mean plant size (22 to 175 million pounds of output),
the dadticity of total cost with respect to output and the average cost index decline from 0.925 to 0.852
and 1.046100.828. Theseresultsare cond stent with the 1000 percent increasein industry mean plant Sze
and 3.7 percent decline in processing costs from 1967-92.

The second order output term indicates that cost eadticity continues to decline with plant size,

suggesting that there is no foreseegble limit to plant expanson. However, factors other than those a the
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plant-level may encourage owners to shift production to different plants. The need to match bird szewith
market typeislessimportant in turkeys than in chickens, but environmental concerns may be much more
important. Relative to chickens, turkeys require more housing and other environmenta controls in order
avoid conditionsthat may impedeturkey weight gain. However, turkey houses must dso belocated within
20 miles of the plant in order to avoid over stressing the birds during trandt. Thus, turkey plant sze may
be congrained by the spacing required between turkey houses that is required to ensure that turkey
diseases and |ocalized wegther conditions affecting one turkey house do not affect other turkey operations
and undermine a plant’s source of turkeys.

Manure disposa concernsmay aso prevent turkey plantsfrom becoming too clustered or to locate
in environmentaly senstive areas. Turkeys generate more manure than chickens because they are much
larger birds. Typicdly, the manure is soread on famland. However, in environmentaly sendtive arees,
such as the Delmarva Peninsula, the capacity of the soil to aisorb manure nutrients is limited, causng
potentialy severe problems with runoff.  Perhaps, for this reason, the Delmarva Peninsulaiis not a mgor
turkey producing area.

Turkey growing may aso beamorerisky businessthan chicken growing. Turkeysrequirealonger
grow-out period, suggesting that grower payments come less frequently and that thereisalonger timein
which any single turkey flock can be lost due to disease or be infected by disease from other flocks.”
Additiondly, turkey flock Szes must shrink during the summer monthsin order to reduce the threet of heeat

gtress and then expand rapidly to meet market demands for the end-of-the-year holiday season, resulting

’Alice Johnson of the Nationd Turkey Federation (interview of 5-10-99).
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in gregter variability in cashflowsthan in chicken growing and the need for carrying excess capacity during
much of the year. Combined, the greater capita costs and greater risks associated with turkey growing
relative to chickens may account for the greater degree of outright ownership of growing operations by
turkey firms and may aso encourage turkey firms to build more numerous, but smdler, daughter plantsin
order to spread the risk of flock failures.

Turkey plants produce a wide variety of differentiated products, some of which are for smdler
niche markets than more generic products. If product demand islimited and bird Sze must match market

needs, then plant sze would be limited by market sze.

Product Mix, Seasonality, and other Plant Characteristics

Turkey plants produce aportfolio of productsthat include whole turkeys and deboned and cut-up
turkey packed in bins, miscellaneous by-products; and, further processed products, such asturkey hams,
frankfurters and luncheon meats. Since bulk products and whole birds require fewer inputs for converting
one pound of turkey into afinished product, costs should decline as the bulk and whole bird sharesrise.

The cost eadticity, cost index, and process cost changesfor various levels of bulk and whole bird
shares are reported in table 6 (middle and bottom panels). Costs decline about three percent astheratio
of the bulk share to the sample mean bulk share rises from 0.20 to 1.00, and, costs decline about five
percent asthe ratio of the whole bird share to the sample mean share rises from 0.20 to 1.20.

Turkey daughter plants havetraditiondly, sharply increased production for the end-of-year holiday
season, but have recently begun producing on much more balanced schedules. Thisimbaanced production

schedule could require much plant capacity to be idie during the year and lead to sharply higher cods.
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However, seasonality was found to have only a modest effect on plant costs (tables6 and A.4). Other
variables including single establishment plants and percent live turkeys were dso tested but rejected.

Time shifters and whole bird share could not be included in the same mode because insufficient
model variance causes the modd to collgpse. Results for the PQBST mode show an improvement in
modd fit over the PQBBW modd (table 3), but dso suggest regressive technologica change. Estimates
fromthe modd suggest that sample mean size plantsin 1992 had higher cogtsthan sample mean size plants
iN1967 and 1972; plantsthat are twice the sample mean sizein 1992 had higher coststhan 1967-77 plants
that are twice the sample mean size; and the costs of sample mean Size plants increased by more than 20
percent over the 1967-92 period.

By excluding time shifters from the model, we cannot account for disembodied technologica
change. However, themode explicitly controlsfor other types of technologica changes, including product

mix and seasondity changes and factor and output biased changes.

Chickensand Turkeys Compared to Cattle and Hogs Results

Shares and Own Factor Price Effects

Reaultsfor chicken and turkey differ substantidly from those reported for cattle and hog daughter.
Rdative to chickens and turkeys, the cattle cost share of 83.7 percent is much higher, labor and other
materias cost shares (8.2 and 5.1 percents) are much lower, and capitd about the same. Hog daughter
has a much higher capital share (8.1 percent) than the other daughter industries. Other cost shares are

intermediate to cattle and chicken and turkey.

22



Cost sharedifferences could be dueto processing differentiasin the cattle, hog, chicken and turkey
plants. Carcasses and primals are mgor products for cattle daughter operations, whereas only about 20
percent of chickens and 45 percent of turkeys are in whole or near whole form. Chicken and turkey
daughter plants a so convert much more of their chicken and turkey mesat inputs into ready-to-cook parts,
traypacks, luncheon meets, and other further processed productsthan do cattle, and to alesser extent, hog
daughter plants (none for cattle and 17.4 percent for hogs versus 22 and 47.9 percentsfor chickensand
turkeys) 2

The labor, materid, and capitd own price eadticities for chicken, turkey, and hog daughter are
gmilar tothosefor cattledaughter (MacDondd, et d, 2000), but meat own price e adticity for cattlediffers
subgtantidly from the others. A 10 percent price increase for meat inputs has amost no effect on the
demand for cattle, but would dicit about a 1 percent drop in the demand for hog or live chicken or turkey
inputs. Thus, “vaue added” cogt functions ignoring anima input costs may provide accurate results for
cattle but mideading ones for the others.

The much more sengitive response of chicken, turkey, and hog factor demand to animd pricesthan
that of cattle may stem from control over animd inputs. It takes 3 yearsto raise a calf to daughter-ready
weight, but only about 8 weeks for chicks (more for poultsand pigs). Additiondly, cattle daughter plants
cannot directly influence anima production or breeds because they have little direct rdationship to cettle
growers and amost no direct control over animal breeding and care practices. Chicken and turkey

daughter plants, on the other hand, provide most inputs, including the chicks and poults, and, aong with

8Based on unpublished Census data for hogs and Ollinger er a (2000).
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hog daughter plants, contract directly with growersfor finished animals.

Economies of Scale and the Importance of Controlling for Product Mix

Failure to account for product and input mix biases estimated scde economiesfor dl the daughter
indugtries, but particularly for chicken and turkeys. The cost dadticity at sample mean prices and output
for chickensfor the price and quantity (PQ) modd is0.953, but thisdropsto 0.901 at sample mean output
after controlling for product and input mix (table 7). Similarly, for turkeys, cost dadticity dropsfrom 0.977
for the PQ modd to 0.919 after controlling for product mix. By contrast, the PQ modd for cattle and hogs
have eadticities of 0.959 and 0.980 and the models with controls for product and input mixes have
eladticities of 0.932 and 0.926.

Differences in the importance of product mix among the four daughter indudiries are even more
dramatic for large plants. Large chicken and turkey plants have higher dadticities than their smaler
competitors, according to the PQ model, but much lower eladticities according to the models that control
for product and input mixes (table 7). Large cattle and hog daughter plants have higher dadticities than

their smaller counterparts with or without controls for product and input mixes.

Conclusion

Results of cost function analyses of the chicken and turkey daughter industries provide evidence
of szeable scae economiesthat grow with increasesin plant Sze. Thelargest plants have production costs
that are about 8 percent lower than plants one half their size and about 20 percent lower than plants one
eghththeir sze. Cogt advantages of these magnitudes for both chicken and turkey daughter help explain
(2) the near disgppearance of smdl plants; (2) the shift in market share held by the largest plantsfrom less

24



than 30 percent in 1967 to over 80 percent in 1992; and, (3) the 300 and 1100 percent increasesin plant
Sizes over the 1967-92 period.

Chicken and turkey scale economies are much sharper than those reported for cattle and hogs
(MacDonald, et a., 2000). Poultry plants that are four times larger than plants a the sample mean plant
gzeshave average cogtsthat are over 15 percent lower, while red meat daughter plantsthat are four times
larger than sample mean plants have average 7 percent lower average codts.

Implications of product mix effects are important for accurate estimates of chicken and turkey
daughter costsand economiesof scale. Poultry daughter cost mode sthat do not control for either the bulk
share of output or the whole bird share of output have cost dadticities that are over 5 percent higher than
cost modelswiththese controls. Fallureto control for product mix aso substantiadly biasesestimated scde
economies because chicken and turkey daughter plants increased their processing as they grew in Size,
This level of bias is much greater in chicken and turkey daughter (13 percent) than for cattle and hog
daughter (5 percent).

Avallable data could not explain the limitsto plant size.  We speculate that higher transportation
cogts for both final products and feed for growers, environmenta restrictions, and plant specidization by
bird breed may impede growth in plant size, but no evidence wasfound to support these hypothess. Thus,

the question of the extent of scale economies requires further research.
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Table 1. Structurd Change for Poultry Saughter and Processing Plants.

1967 1972 1977 1982 1987 1992
BHants = e Number----------------cmmmmmmm oo
Chickens 140 194 179 134 125 144
Turkeys 75 59 50 36 31 30
Poultry Processing d 21 26 32 58 65
Concentration ~ ---------- Market Share Held by Four Largest Firms-----------
Chickens 23 18 22 32 42 41
Turkeys 28 41 41 40 38 35
Poultry Processing 49 35 48 37 36 46
Large Plant Share ----Market Share Held by Plants with Over 400 Employees----
Chickens 29 34 45 65 76 88
Turkeys 16 15 29 35 64 83
Poultry Processing d 41 51 53 65 71

Source: Longitudinal Research Database, U.S. Bureau of the Census. Cells labeled ‘d’ contain data that
cannot be disclosed, in order to retain respondent confidentiality. Large plants are defined asthose with more
than 400 employees, and shareis of industry value of shipments.
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Table 2 : Processed Poultry, including chicken traypacks and turkey parts, become a mgjor component
of daughter plant output.

------------- Chicken------------- ------Turkey------

Year  Traypacks Lunch mest, Parts' Lunchmeat,  Turkey

Sausage, €tc. Sausage, etc Parts'

--------------- percent--------------- -----percent----

1963 n.a n.a 125 n.a 3.3
1972 11.0 2.6 28.4 8.5 15.7
1982 154 31 47.6 131 20.1
1992 18.9 31 78.5 16.8 55.1

Source: Longitudina Research Database, U.S. Census Bureau and other sources as noted.
1ERS, U.S. Egg and Poultry Statistical Series, 1960-90 (1991) for 1963-87 and ERS estimatesfor 1992.

27



Table 3: Modd Sdection Testsfor Various Chicken and Turkey Saughter Cost Functions.

Chicken Turkey
Maintaned Test Hypothes's Chi- Maintaned Test Hypothesis Chi- d.f
Hypothesis square! | Hypothesis squaret
PandQ |P,Q, BULK, 67" PandQ |P, Q, BULK, 33" |13
BIRD (PQBB) SEASON (PQBS)
POBB PQBB and 17" POBS POBS and 24" 5
WHOLE WHOLE
(PQBBW) (PQBSW)
POBBW | POBBW, and 6 POBSW | POBSW, and 5 8
SINGLE SINGLE
POBBW | PQBBW, and -1 POBSW | PQBSW and -10 5
SEASON BIRD
POBBW |PQ,BULK,and -33" | PQBSW |P Q,SEASON, -35" 7
WHOLE WHOLE
POBBW |P Q,BIRD,and -56" POBSW |P, Q, BULK, 167 | 7
WHOLE WHOLE
PQBB PQBB, TIME 61" PQBS POBSand TIME  49™ 20
(PQBBT) (PQBST)?
POBBW | Homothetic: -19™ PQBSW | Homothetic: 207 |3
PQBBW POBSW

*** ggnificant at 99% leve; ** ggnificant & 95% leve.
Notes. Chi-square equals the Gallant-Jorgenson gtetistic of maintained minustest hypotheseswith degrees
of freedom as shown in last column under d.f. There are 694 observationsin 1972, 77, 82, 87, and 92
for chicken; 314 observationsin 1967, 72, 77, 82, 87, and 92. for turkey.

1. Test hypothesisisretained if G-Jtest result has 95% or greater confidence leve.
2. POBBT and PQBST are rgected because they have regressive technological change, which occurs
because these models do not account for greater parts and deboned chicken production.
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Table4: 1992 Own factor priceand Allen eladticities eval uated at the sample mean for Chicken and Turkey

Saughter Plants.
-------------- Factor Price Variables---------------
PLAB PMEAT PMAT PCAP
CHICKEN
Estimated Factor Shares .1500 7328 1124 .0256
a; (own factor price) -0.313 -0.140 -.258 -1.964
0;; (Allen)
PLAB -2.206 0.164 0.929 2.108
PMEAT -0.205 0.224 2.604
PMAT -1.822 -0.818
PCAP -59.999
TURKEY
Estimated Factor Shares 117 679 195 .009
for 1992
& (own factor price) -0.464 -0.094 -.269 -0.998
0;; (Allen)
PLAB -3.548 0.293 0.671 8.922
PMEAT -0.143 0.294 -0.020
PMAT -1.408 -0.813
PCAP -62.86

Note: All values are evaluated a the sample mean. The own price factor demand eadticities @;) are
cal culated holding output and other factors constant, whilethe eaticities of subgtitution (6;;) are.calcul ated

usng Allen’sformula
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Table 5: How Chicken daughter costs vary as plant Sze and product mix changes.

------------------------------------------ Scale Effects--------==moncmmmmmmm oo
Cost Cost Process Output to Output to Output to
Output' Eladicity Index Cost Share? SampleMean 1972 Mean 1992 Mean
374 0.925 1.058 324 0.50 0.99 0.26
74.8 0.901 1.000 31.6 1.00 197 0.53
149.6 0.877 0.927 30.8 2.00 3.95 1.06
299.2 0.852 0.850 29.9 4.00 7.90 211
---------------------------------- Product Mix Effects: Bulk Share------------=====-==ecnemmmeeo-
Bulk Cost Cost Process Bulk Shareto  Bulk Shareto  Bulk Shareto
Share?  Hladicity Index Cost Share? SampleMean 1972 Mean 1992 Mean
16.8 -0.066 1.145 31.6 0.20 0.19 0.22
42.0 -0.084 1.050 31.6 0.50 0.49 0.54
67.2 -0.093 1.021 316 0.80 0.78 0.86
84.0 -0.097  1.000 316 1.00 0.97 1.08
---------------------------------- Product Mix Effects: Whole Bird Sharg*----------------=---------
Whole Cost Cost Process Bird Shareto  Bird Shareto  Bird Shareto
Share?  Eladicity Index Cost Share> SampleMean 1972 Mean 1992 Mean
91 -0.216 1114 37.7 0.20 0.11 0.43
22.9 -0.216 1.047 34.2 0.50 0.27 1.06
36.6 -0.216  1.015 324 0.80 0.42 1.66
45.7 -0.216 1.000 31.6 1.00 0.53 2.08
68.6 -0.216 0974 30.0 1.50 0.78 3.12

1. In millions of pounds.
2. in percentages.
3. Bulk Share is one minus chicken traypacks and further processed products.
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4. \Whole Bird Share is one minus share of deboned and cut-up chicken.
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Table 6: How Turkey daughter codts vary as plant Sze and product mix changes.

------------------------------------------ Scale Effects--------------cmmmm oo
Cost Cost Process Output to Output to Output to
Output' Eladicity Index Cost Share? SampleMean 1972 Mean 1992 Mean
219 0936  1.046 35.0 0.50 1.37 0.19
43.7 0.919 1.000 33.8 1 2.74 0.38
874 0.902 0.897 32.6 2.0 5.48 0.75
174.8 0.884 0.828 313 4.0 10.96 151
---------------------------------- Product Mix Effects: Bulk Share®------------=---=-cmomeemeeeoo
Bulk Cost Cost Process Bulk Shareto  Bulk Shareto  Bulk Shareto
Share?  Hladicity Index Cost Share? SampleMean 1972 Mean 1992 Mean
17.9 -0.026 1.030 35.1 0.20 0.18 0.22
44.8 -0.028 1.014 34.4 0.50 0.45 0.55
71.6 -0.029  1.005 34.0 0.80 0.72 0.88
89.5 -0.029  1.000 3338 1.00 0.90 1.10
---------------------------------- Product Mix Effects: Whole Bird Sharg*----------------=---------
Whole Cost Cost Process Bird Shareto  Bird Shareto  Bird Shareto
Share?  Eladicity Index Cost Share> SampleMean 1972 Mean 1992 Mean
155 -0.128 1.048 36.7 0.20 0.16 0.34
38.8 -0.128 1.020 35.0 0.50 0.41 086
62.0 -0.128  1.006 34.2 0.80 0.66 1.38
77.5 -0.128 1.000 33.8 1.00 0.82 1.73
96.9 -0.128  0.995 335 1.20 1.03 2.16

1. In millions of pounds.
2. in percentages.
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3. Bulk Share is one minus further processed products.
4.Whole Bird Share is one minus share of deboned and cut-up turkey.
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Table 7: Cog dadticity estimatesfor large and mean Sze plantsin four daughter industries: Theimportance
of scae economies and product mix.

Plant Sizet Productand | —  ------- Slaughter Class-------
Input Mix
Controls?

Mean No 0.953 0.977 0.959 0.980

Large No 0.985 0.978 0.971 1.000

Mean Yes 0.901 0.919 0.932 0.926

Large Yes 0.852 0.884 0.947 0.946
Notes:

1. Mean plant szeisat the sample mean for each product class, whilelarge plantsare four timesthe sample
mean.

2. Product mix includes dl product-related output variables that sgnificantly affect output: bulk share and
whole bird sharesfor chickens and turkeys and one minus share of carcass production for cattle and hogs.
Input mix is liveweght anima inputs of primary speciesasshare of al mesat inputs (i.e. cattleweight divided
by dl meset inputs for cattle daughter ). Input mix not included in turkey model because not sSgnificant to
modd fit.

3. Cattle and hog results are based on MacDonald et . (2000).



Table A-1: Chicken daughter cost function parameter estimates. First order terms and factor price
interaction terms.

------------------ interacted with------------------
Vaidde 1storder PLAB PMEAT PMAT PCAP
--------------- Coefficients and standard errors----------------
Intercgpt  -0.066"" - - - -
(.012)
PLAB 1427 077 -.081™" -.001 .005
(.003) (.008) (.006) (.002) (.005)
PMEAT  .684 120" -.075™" 036"
(.008) (.015) (.003) (.014)
PMAT 142 085" -.008™
(.002) (.002) (.003)
PCAP 032" -.032!
(.008)
B -.097"
(.017)
A -.216"
(.109)
Q (Ibs) 901"
(.015)
w -.067"
(.026)

Note: Trandog cost function estimation for chicken daughter, 1972-1992. Since al variables are
sandardized at their means, first order coefficients can be interpreted as eladticities a the sample means.
There are 694 observations. * sgnificant at 90% leve; ** dgnificant at 95% leve; *** sgnificant a 99%
leve.

1. Standard error could not be estimated.
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Table A-2: Chicken daughter cost function parameter estimates: First order terms and bulk share output,
animd inputs, output, and whole bird share of output interaction terms.

---------------- interacted with---------------
Vaiable 1st Order B A Q W
--------------- Coefficients and standard errors----------------
Intercgpt  -0.066"" - - - -
(.012)
PLAB 1427 -.0035"  .076™" -.022"" -.001
(.003) (.0009) (.014) (.002) (.007)
PMEAT 684" .0001 113 012 .038"
(.008) (.003) (.037) (.007) (.024)
PMAT 142 .0003 035" .003" .001
(.002) (.0006) (.009) (.0016) (.005)
PCAP 032" .0031 -.189™" .007 -.038"
(.008) (.003) (.037) (.007) (.023)
B -.097"" -.019™ -.029 .0005 -
(.017) (.004) (.044) (.003)
A -.216" -.206™" 041 -
(.109) (.057) (.061)
Q (Ibs) 901" -.013 -.035
(.015) (.012) (.026)
W -.067"" -
(.026)

Note: Trandog cost function for chicken daughter plants, 1972-1992. Since dl variables are sandardized
at their means, first order coefficients can beinterpreted asdadticities at the sample means. Thereare 694
observations. * sgnificant at 90% leved; ** sgnificant at 95% leved; *** ggnificant at 99% levd.
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Table A-3: Turkey daughter cost function parameter estimates. First order termsand input priceinteraction
terms.

----------------- interacted with----------------
Vaidble 1storder PLAB PMEAT PMAT PCAP
--------- Coefficients and standard errors---------
Intercgpt  -0.208™" - - - -
(.018)
PLAB 1317 .053™" -.061"" -.008™ 017"
(.005) (.012) (.010) (.004) (.007)
PMEAT 662" 1617 -.089™" -.011
(.007) (.013) (.005) (.007)
PMAT 1917 103" -.006
(.004) (.003) (.0035)
PCAP .016™" -.0002*
(.005)
B -.029
(.033)
S .021
(.017)
Q (Ibs) .919™
(.025)
W -.128"
(.050)

Note: Trandog cost function estimation for turkey daughter, 1967-1992. There are 314 observations.
Since dl varidbles are sandardized at their means, first order coefficients can beinterpreted asdadticities
a the sample means. * ggnificant a 90% leve; ** ggnificant a 95% leve; *** ggnificant at 99% levd.
1. Standard error could not be estimated.
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Table A-4: Turkey daughter cost function parameter estimates: First order terms and bulk share of output,
seasondlity, output, and whole bird share of output interaction terms.

Vaiadle 1st Order B S Q S

Intercept  -0.208™" - - - -
(.018)

PLAB 131" -.0082""  .0023 -015™ 002
(.005) (0026)  (.002) (.005) (.016)

PMEAT  .662*°  .0081""  -0061° .0178  .018
(.007) (.003) (.003) (.006) (.019)

PMAT 191"  -0067"" .002 0042 004
(.004) (.002) (.002) (.004) (.011)

PCAP 016" .0068™"  .0018 -.007 -.022
(.005) (.002) (.002) (.005) (.014)

B -.029 -.002 -.004 -.002 -
(.033) (.008) (.003) (.007)

S 021 005 -0015 -
(.017) (.005) (.008)

Q (Ibs) 919" -.025 -.039
(.025) (.027) (.056)

W -.128" -
(.050)

Note: Results of estimation of trandog cost function for turkey daughter plants, 1967-1992. Since dll
variables are sandardized at their means, first order coefficients can be interpreted as dadticities a the
sample means. Quadratic (on diagona) and interaction terms from estimation of trandog cost function.
* ggnificant at 90% leve; ** ggnificant a 95% levd; *** dgnificant at 99% levd.
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